Summary Data on the early sexing of random-bred albino mice (Mus musculus) is presented. It is shown that accurate sexing of newborn pups cannot be made by anogenital distance measurement unless the proportion of animals falling into the overlap-zones are discarded. However, 8-day-old pups may be sexed by the display of abdominal (inguinal) teats in the females.
Summary
Data on the early sexing of random-bred albino mice (Mus musculus) is presented. It is shown that accurate sexing of newborn pups cannot be made by anogenital distance measurement unless the proportion of animals falling into the overlap-zones are discarded. However, 8-day-old pups may be sexed by the display of abdominal (inguinal) teats in the females.
For the newborn rat there are reliable visible criteria for sex determip.ation (Farris, 1942) . Both the size of the genital papilla and the ano-genital distance (AGD) show clear-cut differences between the sexes, with AGD providing the most objective criterion for sexing.
For the newborn mouse no such reliable criteria can be deduced from the literature. Luker & Luker (1971) quote the AGDs of adult mice but make no reference to newborn pups. The assumption that newborn mice would exhibit similarly clear-cut sexual differences as the newborn rat has not been borne out by present observations. It has been found, however, that there is variation of the AGD between the sexes.
The experimental need for an accurate means of sexing newborn mouse pups prompted a study of the sexual variations and developmental milestones exhibited by mouse pups between birth and 3 weeks of age. The results of the study, presented here, revealed the least ages at which newborn pups may be reliably sexed.
Materials and methods

Mice
These were obtained from a closed colony of randombred albino mice (Mus musculus) of undocumented origin, which had been husbanded in the Department of Bacteriology for the last 10years. Litters aged between newborn and 3 days were randomly selected for the evaluations described below. Mouse pups were defined as newborn when less than 1 day old. An overall total of 73 litters, consisting of 641 pups, were used in this study.
Tattooillg of pups
Tail tattooing was done with a hypodermic needle and indian ink when it was necessary to identify individual pups within litters.
Sexual variation alld developmelltal miles tOiles
For certain litters daily records were kept of the weight and AGD of each mouse over a period of 3 weeks. In addition, the ages at which the various sequential development milestones occurred were recorded-the appearance of lanugo (fine, non-medullated hair), the appearance of coarse hair, the appearance of inguinal mammary teats, the eruption of lower and upper incisors, the opening of the eyes, and the display (i.e. descent into scrotum) of testicles.
AG D measuremellts
Measurements were made with a set of vernier-reading engineer's calipers fitted with extended needle points. For the purpose of the evaluations the AGD was defined as the distance from the centre of the urethral orifice to the centre of the anal orificewith the pup held in a supine position, tail extended. To avoid scenting newborn pups, measurementswere carried out wearingdisposableplastic gloves.
Groupillg experimellts
Where it was advantageous to keep particular groups of measured pups together, reassortment of litters was done. For example, the division of the pups of pairs of litters into 'low' and 'high' groups allowed one group to be replaced with each mother for subsequent rearing. This reassortment had no apparent deleterious effects upon the nursing of the pups.
COllfirmatioll of sex
The sex of measured pups was confirmed by conventional visual sexing at 3 weeks of age.
Results
Sexual variation
Daily weight and AGD records were kept of 8 litters (Group 1 litters) from birth to 21 days of age. This group provided a total of 81 pups-28 females and 53 males. Weight. The mean birthweight of female pups was l' 78 g (range 1'52-2-10, s.d. 0'14 g) and of male pups 1·87 g (range 1,32-2,25 g, s.d. 0·21 g). Plots of the mean daily weights of the females and males are shown in Fig. 1a . The levelling of the weight gain between days 14-15 coincided with the commencement of the eating of solid food. No c1earcut differentiation of the sexes was evident from examination of Fig. la . AGD. At birth the mean AGD of female pups was 1·6 mm (range 1'3-2-2, s.d. 0·23 mm) and of male pups 2·0 mm (range 1'5-2'6, s.d. 0·24 mm). At birth the male genital papilla was slightly more pronounced. Plots of the mean daily AGO for females and males are shown in Fig. 1b , and of the percentage frequency distribution of AGD for females and males at birth in Fig. 2a . Both figures suggested that differentiation of the sexes at birth might be obtained by AGD measurement. Accordingly, statistical evaluations were carried out on the AGD measurements collected at birth to test 2.8 2.5
Overall key O--Ofemales e--emales 15 10 between days 5-6, with a good growth of hair and a distinct white colour showing by day 8. There was no observable difference in timing between the sexes.
Inguinal mammary teats. The female pups commenced to exhibit pronounced inguinal teats at day 5, and all females exhibited them by day 10, with a mean time of 8'3 days (Table I ). The teats were never exhibited in this manner by the male pups, and therefore provided a reliable means of differentiating between the sexes. This finding had been previously noted by Luker & Luker (1971) . for normal distribution of the values by the X2 test (Diem, 1962) , and by the expected frequencies test (Sokal & Rohlf, 1969) . Both evaluations yielded similar results, and showed that at birth the females exhibited a skewed distribution (to the left) and that the males exhibited normal distribution of AGD measurements; overall there was a near normal distribution.
Developmental milestones
These were recorded for the Group 1 litters. Lanugo. All pups were bald at birth. Lanugo appeared between days 3-4, with no observable difference in timing between the sexes. Coarse hair. The first white bloom of hair appeared :2:
Incisors. Every mouse erupted the lower incisors first (Table 1) , which were visible on day 6 and commenced to erupt on day 8, with a mean eruption time of 9,5 days. The upper incisors commenced to erupt on day 9, with a mean eruption time of 10·1 days. There was no observable difference in eruption times between the sexes.
Eyes. The eyes commenced to open on day 11, with a mean time of 12·9 days. There was no observable difference in timing between the sexes. Testes. The males commenced to display testes on day 19, and all males had displayed them by day 23.
AGD segregation experiments 52 litters (Group 2), which provided 452 pups aged between newborn and 3 days, were segregated into 'females' and 'males' by AGD measurement. From consideration of the previously plotted percentage frequency distribution curves ( Fig. 2a ) it was decided in this experiment that each litter would be segregated at around 2·0 mm, and this gave 226 'female' pups (range 1'0-2'1, mean 1'6, s.d. 0'19 mm) and the same number of 'male' pups (range 1'8-2'8, mean 2'3, s.d. 0·23 mm). The scoring of the experiment (Table 2) was done on the 433 mice still surviving at 3 weeks, which indicated a 4·2 % rearing loss over the period. There was a 14'5% sexing error for the 'female' group and a 1·8 % sexing error for the 'male' group.
To test whether more exact segregation might be obtained by discarding the pups within the overlap zone, a further .13 litters (Group 3) consisting of 127 newborn pups were segregated into 'females' and 'males', discarding those pups with AGD measurements of between 1,6-2'1 mm (from consideration of Figs, 2a and 2b) . The scoring of the experiment (Table 3) revealed one wrongly sexed pup within each group, giving low sexing errors of 2'1 and 6,3 % within female and male groups respectively.
Discussion
The results presented here show that visual sexing of young random-bred albino mouse pups may be accomplished by the detection of pronounced inguinal teats on the female between days 5-10, .] mouse died before its eyes had opened, reducing the column total to 80 with the mode at day 8 (Table 1) . This finding is in agreement with the statement of Luker & Luker (1971) , and provides a reliable method of identifying the female pups in a litter after day 5. Earlier sexual differentiation of mouse pups is not possible by simple visual examination but may be done with reasonable accuracy by AGD measurement (Figs, 2a, 2b) , providing pups falling within the overlap zone are discarded as ·unc1assifiables'. Applying this formula with the newborn pups of Group 3 litters, and employing discard AGD measurements of 1,6-2,1 mm, the sexing errors were no greater than' 6'3 % (Table 3) , but the un-c1assifiables amounted to 48 % of the 127 pups measured.
It might be expected that the more exacting the discard limits the fewer would be the numbers of pups falling into the female and male groups but the more accurate would be their sexing. However, the near normal distributions overall in Group I and Group 2 litters, as might be predicted from the closeness of the means of the sexes within each group, indicates that there is a finite probability of wrong sexing however wide the discard limits. It must therefore rest with the individual worker to decide what will be the discard limits of AGD measurements and what will be acceptable sexing errors for his mice.
